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METRIC CONVERSIONS

The inch-pound units of measurements used in this report may be converted
to metric units by using the following conversion factors:

Multiply By To obtain
acre-foot 0.001233 cubic hectometer (hm3)
cubic foot per second (ft3/s) 0.02832 cubic meter per second (m3/s)
foot 0.3048 meter (m)
inch 25.40 millimeter (mm)
mile 1.609 kilometer (km)
ton (short, 2,000 pounds) 0.9072 megagram (Mg)

To convert temperature in degree celsius (°C) to degree Fahrenheit (°F),
multiply by 9/5 and add 32.

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic datum
derived from a general adjustment of the first-order level nets of both the
United States and Canada, formerly called mean sea level.
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EFFECTS OF OCTOBER 1981 FLOOD ON THE QUANTITY AND QUALITY
OF WATER IN SELECTED STREAMS AND RESERVOIRS
IN THE BRAZOS RIVER BASIN, TEXAS

By
Frank C. Wells, Terry L. Schertz, and Marvin W. Flugrath
ABSTRACT

The storm that mowed across north-central Texas during October 11-13, .
1981, produced intense rainfall along a line extending from east of Abilene,
Texas to Breckenridge, Texas to north of Mineral Wells, Texas. Rainfall in
excess of 20 inches was recorded near Clyde. Texas and in several locations
near Breckenridge, Texas.

The large quantity of rainfall in the Hubbard Creek drainage basin caused
the water level in Hubbard Creek Reservoir to rise by 13.33 feet and the stor-
age contents of the reservoir to increase from 233,000 to 441,000 acre-feet
during 56 hours.

Large quantities of inflow into Possum Kingdom Lake from the Brazos River,
Big Cedar Creek basin, and ungaged inflow from the Big Caddo Creek basin, and
Rock Creek basin caused the water level to rise 7.54 feet and the storage
contents to increase from 505,000 to 653,000 acre-feet during 48 hours.

A record peak discharge of 96,600 cubic feet per second was recorded at
the gaging station Brazos River near Dennis, Texas on October 14. The
discharge-weighted~average concentration of dissolved solids decreased from
1,630 milligrams per liter on October 6, to 103 milligrams per liter on Octo-
ber 13. The monthly discharge-weighted-average concentration of dissolved
solids for October 1981 was 782 milligrams per liter and the monthly dissolved-
solids load was 1,143,000 tons.

Little change was noted in the water level of Lake Granbury. Lake
Granbury was not designed to detain floodwaters, therefore the floodwaters
were allowed to pass through the reservoir.

The peak discharge recorded at the gaging station Brazos River near Glen
Rose, Texas was 86,400 cubic feet per second on October 15. Water flowing past
this gaging station flowed into Lake Whitney causing the water level to rise
18.85 feet and the storage contents to increase from 538,000 to 1,050,000
acre-feet during 10 days. The net change in storage contents of 512,000 acre-
feet is nearly equal to one-half the 1,098,000 acre-feet recorded at the
Brazos River near Glen Rose for the month of October.

The large volume of runoff associated with the floods on the upper Brazos
River basin had a pronounced effect on the quality of water im Hubbard Creek
Reservoir, Possum Kingdom Lake, Lake Granbury, and Lake Whitney. Data col-
lected from these reservoirs during August 1981 and late October 1981 were



analyzed to determine water-quality conditions in these reservoirs before and
after the flood.

Temperature data collected at deep sites on all four reservoirs during the
August 1981 water-quality surveys showed that water near the surface was consi-
derably warmer than water near the bottom, a pattern of thermal stratification
that is typical of reservoirs in north-central Texas during the summer months.
Temperature data collected during the October 1981 water-quality surveys show
that water temperatures near the surface of the reservoirs were 10° to 15°C
cooler than during August. The reservoirs were fairly well mixed from surface
to bottom although some longitudinal variations in temperature were noted in
each of the reservoirs.

Dissolved-oxygen data collected at deep sites on the four reservoirs
during the August 1981 water-quality survey also showed a stratification pat-
tern. Dissolved-oxygen concentrations near the surface generally were greater
than 6.5 milligrams per liter whereas concentrations at depths greater than 50
feet were less than 110 milligram per liter. During the October water-quality
survey, dissolved-oxygen concentrations were rather uniform from surface to
bottom and only slight Tongitudinal variations were noted in the reservoirs.

The volume-weighted-average concentrations of dissolved solids decreased
by more than 50 percent between the August and October water-quality surveys
on Hubbard Creek Reservoir, Possum Kingdom Lake, and Lake Granbury. The volume-
weighted-average concentrations of dissolved solids decreased from 570 to 281
milligrams per liter in Hubbard Creek Reservoir, from 1,560 to 665 milligrams
per liter in Possum Kingdom Lake and from 1,520 to 750 milligrams per liter
in Lake Granbury. Similar decreases were noted in the volume-weighted-average
concentrations of dissolved chloride, sulfate, and hardness in each of
the reservoirs.

The volume-weighted-average concentration of dissolved solids in Lake
Whitney decreased by 15 percent from 1,090 milligrams per liter in August to
927 milligrams per liter in October. Similar decreases were noted in volume-
weighted average concentrations of dissolved solids, chloride, sulfate, and
hardness. This relatively small decrease in the volume-weighted-average con-
centrations of these constituents in Lake Whitney is due in part to a large
quantity of inflow to the reservoir in June 1981, Lake Whitney also retained a
large quantity of the floodwater which entered the reservoir. Rather than
replacing the water in the reservoir, the more dilute floodwaters were added
to and mixed with the more mineralized water already in the reservoir.

The decreases in volume-weighted-average concentrations can be attributed
directly to the inflow of relatively dilute floodwaters into each of the
reservoirs. Although it is possible that cooler. air and normal fall overturn
may have been partly responsible for cooler water and fairly well mixed condi-
tions in the reservoirs, fall overturn would not significantly affect the
volume-weighted-average concentrations of dissolved solids, chloride, and
hardness.

INTRODUCTION

Storms that produce intense rainfall and subsequent flooding usually
result in severe property damage, personal injury, and death. Such a storm
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for Brazos River at Whitney Dam near Whitney, Texas (08092600), October 1981
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increases. Loads are a function of both concentration and discharge and may
be computed using the formula:

loads = 0.0027QC (1)
where loads are in tons per day;

Q = discharge, in cubic feet per second; and
C = concentration, in milligrams per 11ter.

Daily and monthly mean concentrations and daily and monthly loads for October
1981 have been computed or estimated for selected streamflow stations where
daily mean discharge and once daily or daily mean specific-conductance data
are available. These data are presented in tables 1 to 20 at the end of the
report.

Double Mountain Fork Brazos River and Salt Fork Brazos River

The effects of the storm runoff on discharge and water quality in streams
west of Abilene generally were less pronounced than those east of Abilene.
Rainfall west of Abilene during the storm generally was less than 5 inches
(fig. 4). Daily mean discharges in the Double Mountain Fork Brazos River near
Aspermont (08080500) during October 1-6 did not exceed 11 ft3/s and daily
discharge-weighted-average dissolved-solids concentrations ranged from 3,680
to 5,430 mg/L milligrams per liter (figure 7 and table 2). The maximum
d1ssolved-so]1ds load during this period was 161 tons per day. Dur1ng the
storm, October 11-13, the maximum mean daily discharge was 4,810 ft3/s and
the minimum daily d1scharge-we1ghted-average d1sso1ved-so11ds concentration
was 650 mg/L, both occurring on October 13. The maximum dissolved-solids load
of 8,440 tons per day for the month of also occurred on October 13.

Daily mean discharges in the Salt Fork Brazos River near Aspermont
(08082000) station during October 1-6, did not exceed 2.0 ft3/s and daily-
discharge-weighted average d1ssolved-solids concentrations ranged from 23,400
to 39,900 mg/L (fig. 7 and table 5). The maximum dissolved-solids load
during this period was 119 tons per day. During the storm, October 11-13,
the maximum mean daily discharge was 3,950 ft3/s and the minimum-daily
discharge-weighted-average dissolved-solid concentration was 1,890 mg/L, both
occurring on October 13. The maximum dissolved-solids load of 20,900 tons per
day also occurred on October 12,

Clear Fork Brazos River and Tributaries

Daily mean discharges in the Clear Fork Brazos River at Hawley, Texas
(08083240), during October 1-12 did not exceed 40 ft3/s and daily discharge-
weighted-average dissolved-solids concentrations ranged from 1,840 to 3,850
mg/L (fig. 8 and table 8). Daily dissolved-solids loads during this period
ranged from 110 to 300 tons per day. After the storm, the maximum daily
mean discharge was 719 ft3/s and the minimum daily discharge weighted average
dissolved-solids concentration was 582 mg/L, both occurring on Cttober 14.
The maximum daily dissolved-solids load of 1,130 tons for the month also
occurred on October 14,

The storm had a more pronounced effect on tributaries to the Clear Fork
Brazos River in the vicinity of Abilene, Texas. Record peak discharges of

-14-
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5,020 and 18,500 ft3/s were recorded on Elm Creek at Abilene, Texas (08083430)
and on Cedar Creek at Abilene, Texas (08083470), respectively. Pr1or to the
storm, the mean daily discharge in Elm Creek had not exceeded 216 ft3/s and
the mean daily discharge in Cedar Creek had not exceeded 51 ft3/s. Water-
quality data are not available for these stations for October 1981.

The storm had a pronounced effect on discharge and water quality in the
Hubbard Creek and Gonzales Creek drainage basins. No flow was recorded in Big
Sandy Creek above Breckenridge (08086290), during October 1-6 (fig. 8 and
table 12) Rainfall on October 7 caused the mean daily discharge to increase
to 182 ft3/s on October 7. Discharges decreased following this rain and
just prior to the storm, no flow was recorded in Big Sandy Creek on October
11. Daily discharge-weighted-average dissolved-solids concentrations ranged
from 120 to 394 mg/L during October 7-10. The intense ralnfa]l produced by
the storm resulted in a record peak discharge of 80,000 ft3/s on October 13.
The minimum daily discharge-weighted-average d1sso]ved-so]1ds concentration in’
Big Sandy Creek during the month was 49 mg/L and the maximum dissolved-solids
load was 3,750 tons per day, both occurring on October 13, during periods of
high discharge.

The maximum discharge of 55,600 ft3/s was determined by an indirect
discharge measurement (at Gonzales Creek near Breckenridge). Continuous-
discharge records and water-quality data are not available for Gonzales Creek.

Discharges at the gaging stations North Fork Hubbard Creek near Albany
(08086150) and Hubbard Creek below Albany (08086212) were not as pronounced as
those in Big Sandy Creek. Daily mean discharges at these gaging stations did
not exceed 5 ft3/s during October 1-11. Daily discharge-weighted-average
dissolved-solids concentrations during this same period ranged from 2,610 to
2,710 mg/L in North Fork Hubbard Creek (table 10) and from 1,730 to 1, 990 mg/L
in Hubbard Creek (table 11). During the storm, the peak d1scharge recorded in
North Fork Hubbard Creek near Albany was 364 ft3/s on October 13 and the
daily minimum discharge-weighted-average dissolved-solids concentration was
908 mg/L on October 14. On Octoger 13 the peak discharge recorded on Hubbard
Creek below Albany was 36,100 ft°/s and the daily minimum discharge-weighted-
average dissolved-solids concentration was 144 mg/L.

The tremendous quantity of rainfall in the Hubbard Creek drainage basin
upstream from Hubbard Creek Reservoir had a pronounced effect on the quantity
and quality of water in Hubbard Creek Reservoir. During 56 hours between 2:00
a.m. on October 12, and 10:00 a.m. on October 14, the water level in Hubbard
Creek Reservoir rose 13.33 feet and the contents of the reservoir increased
from 233,000 to 441,000 acre-feet (fig. 9). This represents the largest
volume of water ever recorded in Hubbard Creek Reservoir. A detailed discus-
sion of the effects of the large inflow to the reservoir on the water quality
in Hubbard Creek Reservoir is presented in the section "Effects of flood on
water quality in selected reservoirs”.

Hubbard Creek Reservoir attenuated the magnitude of the flood on Hubbard
Creek downstream from the reservoir. The peak discharge recorded at the gaging
station Hubbard Creek near Breckenridge, Texas (08086500), which is 1.4 miles
downstream from the reservoir was 16,200 ft3/s on October 13, 1981.

Downstream from Hubbard Creek, the peak discharge recorded at the gaging
-17-
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Figure 9.-Reservoir-contents hydrograph for Hubbard Creek Reservoir
near Breckenridge, Texas (08086400), October 11-15, 1981
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stat1on Clear Fork Brazos River at Eljasville, Texas (08087300) was 26,900
ft3/s on October 14, 1981, the daily minimum dicharge-weighted-average
dissolved-solids concentrat1on was 128 mg/L on October 13, 1981 and the maxi-
mum dissolved solids load was 28,400 tons per day on October 16, 1981 (fig. 8
and table 13).

Main Stem Brazos River and Tributaries from South Bend to Whitney Dam

The storm also had a pronounced effect on the quantity and quality of
water in Possum Kingdom Lake. The water level in Possum Kingdom Lake rose by
7.54 feet and the storage contents increased from 505,000 to 653,000 acre-feet .
during 48-hours 6:00 p.m. on October 11 to 6:00 p.m. October 13 (fig. 10).
Much of the initial increase can be attributed to large inflows from the Big
Cedar Creek drainage basin and from ungaged inflow in the Big Caddo Creek
basin, Rock Creek basin, and the intervening drainage area on the Brazos River
between the gage on Brazos River at South Bend (08088000), and the gage on
Possum Kingdom Lake at Morris Sheppard Dam (08088500). Rainfall in these
areas ranged from 10 to 20 inches (fig. 4) and resulted in a substantial
increase in discharge at the gaging station Big Cedar Creek near Ivan, Texas
(08088450).

Discharge at this gaging station began to increase on October 12 and the
initial peak of 10,700 ft3/s occurred at 1:00 p.m. on the same day (fig. 11).
Additional rains caused another increase in discharge shortly befoge midnight
on October 12 and resulted in a record peak discharge of 34,700 fto/s at

9:45 a.m. on October 13. The maximum storage contents in Possum Kingdom

Lake of 653,000 acre-feet occurred approximately 10 hours after the second
peak. High flows were not sustained on Big Cedar Creek and by midnight of
October 13 the discharge had decreased to less than 5,000 ft3/s. Although
water-quality data for Big Cedar Creek are not ava11ab1e for the flood concen-
trations of dissolved solids were probably similar in magnitude to those in
Big Sandy Creek, or less than 100 mg/L during high flow.

Although much of the initial increase of storage contents in Possum
Kingdom Lake can be attributed mostly to local inflow, the Brazos River contri-
buted 1arge quantities of water to the reservoir after the storm. Discharge
at the gag1ng station Brazos River near South Bend, Texas (08088000) did not
begin to increase until approx1mate]y 6:00 a.m. on October 12, and the maximum
mean-daily discharge of 39,100 ft 3/s was recorded on October 15 (fig. 12 and
table 14). Although the maximum mean-daily discharge in the Brazos River near
South Bend was not much greater than that recorded on Big Cedar Creek near
Ivan, the duration of high flows into Possum Kingdom Lake from the Brazos
River was much 1onger. Discharges in the Brazos River near South Bend remained
greater than 20,000 ft3/s through October 18 and did not decrease to less than
10,000 ft3/s unt11 October 20. During the October 1981, 467,000 acre-feet
of water was recorded gt this gag1ng station, which is more than 90 percent
of the 505,000 acre-feet of water in Possum Kingdom Lake prior to the flood.

Although daily water-quality sampling was discontinued at Brazos River
near South Bend prior to the flood, past records were used to estimate
discharge-weighted-average concentrations and loads of selected constituents
for October 1981 (table 14). Using linear regression analysis between
discharge and specific conductance and estimating dissolved-solids concentra-
tions from values of specific conductance, the daily minimum discharge-
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Figure 10.-Reservoir-contents hydrograph for Possum Kingdom Lake near
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(08088450), October 12-15, 1981
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weighted-average concentration of dissolved solids was estimated to be 532
mg/L on October 15, and the daily maximum dissolved-solids load was estimated
to be 58,000 tons per day on October 14. The discharge-weighted-average
concentration of dissolved solids for October 1981 was estimated to be 738
mg/L and the dissolved-solids load for the month was estimated to be 470,000
tons.

These estimates compare reasonably well with the volume-weighted-average
concentration of dissolved solids measured in Possum Kingdom Lake near the end
of October. On October 28, the volume-weighted-average dissolved-solids con-
centration was 665 mg/L or about 70 mg/L less than the estimated discharge-
weighted-average concentration from the Brazos River near South Bend during
October. A detailed description of the effects of the flood on the water
quality in Possum Kingdom Lake is given in the section, "Effects of flood on
water quality in selected reservoirs.”

Release of water from Possum Kingdom Lake began on October 12 soon after
inflow into the reservoir began. The maximum daily mean d1scharge from Morris
Sheppard Dam of 54,400 ft3/s (107,900 acre-feet) and the maximum dissolved-
solids load of 214, 000 tons per day occurred on October 14 (fig. 12 and table
15). The minimum dai]y discharge weighted-average dissolved-solids concentra-
tion of 669 mg/L did not occur until October 22. These data indicate that
from the time flood inflow began entering thHe reservoir on October 11, eleven
days elapsed before the maximum effects of the inflow on the quality of water
released from the reservoir were recorded. Mean daily discharges from the dam
remained greater than 20,000 ft3/s through October 20. These releases along
with additional inflow to the Brazos River resulted in flooding along the
Brazos River downstream from Possum Kingdom Lake. The peak discharge recorded
at the gaging station Brazos River near Palo Pinto, Texas (08089000) was 68,600
ft3/s on October 13. Further downstream, the peak discharge recgrded at the
gaging station Brazos River near Dennis (08090800) was 96,600 ft3/s. The
large increase in discharge at the two stations can be attr1buted to inflow
from the Palo Pinto Creek drainage basin. Approximately 10 inches of rain
fell in the Palo Pinto Creek drainage basin south of Palo Pinto Reservoir
(0809300).

Although no discharge or water-quality data are available from the Palo
Pinto Creek drainage basin for October 1981, data collected at the gaging
station Lake Palo Pinto near Santo, Texas (08090300) show that the storage
contents in the reservoir increased from 26,450 acre-feet at 10:00 a.m on
October 11 to 52,500 acre-feet at 10:00 a.m. on October 12. Limited historical
water-quality data collected in Lake Palo Pinto indicate that dissolved-solids
concentrations in the reservoir generally are less than 500 mg/L. During and
after the flood it is reasonable to assume that dissolved-solids concentrations
in water released from the reservoir were significantly less than 500 mg/L.

Discharge in the Brazos River near Dennis (08090800) began to increase
during the early morning hours of October 12 (f1g 12 and table 16). Prior to
the increase, the d1scharge was less than 100 ft3/s. By midnight the discharge
had 1ncreased to 46,200 ft3/s, and the maximum discharge of record of 96,600
ft3/s was recorded at 6 00 p.m. on October 14. Flows at this station rema1ned
greater than 20,000 ft3/s through October 22, and by the end of the month,
541,200 ft3/s-days (1,074,000 acre-feet) of water was recorded at this station.
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The discharge-weighted-average dissolved-solids concentration in the
Brazos River near Dennis at the beginning of the month was in excess of 1,600
mg/L. A small increase in discharge recorded at the gaging station on October
6-8 caused the discharge-weighted-average dissolved-solids concentration to
decrease to approximately 1,000 mg/L. The daily minimum discharge-weighted-
average concentration of dissolved solids was 103 mg/L on October 13. The
maximum daily dissolved-solids load of 245,000 tons occurred on October 15,
after the discharge had decreased slightly and the daily discharge-weighted-
average dissolved-solids concentrations had increased to slightly more than
1,200 mg/L. The monthly discharge-weighted-average concentration of dissolved
solids for October 1981 was 782 mg/L and the monthly dissolved-solids load was
1,143,000 tons.

The Targe volume of water that flowed past the gaging station at Brazos
River near Dennis flowed into Lake Granbury. Lake Granbury was built by the
Brazos River Authority for the conservation of water for irrigation, and for
municipal and industrial uses. The intended purpose of the reservoir was not
to detain floodwaters; therefore, the floodwaters were allowed to pass through
the reservoir and resulted in relatively little change in water-surface eleva-
tion and storage contents (fig. 13). Water was released from the reservoir
before the floodwaters arrived to prevent a large rise in the water surface
elevation. The water level of Lake Granbury at noon on October 11 was 692.58
feet above NGVD of 1929. The water level rose to a maximum of 692.60 feet
above NGVD of 1929 at 6:00 p.m. on October 12 (a change of only 0.02 foot) and
the storage contents of the reservoir remained Tess than 140,000 acre-feet
from October 14 through October 20, 1981.

Although the water level and storage contents of Lake Granbury were not
affected by the flood, a pronounced change was noted in the quality of water
in the reservoir after the flood. The volume-weighted-average concentration
of dissolved solids decreased from 1,520 mg/L on August 6, to 750 mg/L on
October 29. This concentration is slightly less than the October monthly
discharge-weighted-average dissolved-solids concentration of 782 mg/L recorded
for the Brazos River at Dennis, Texas. A detailed description of the effects
of the flood on the water quality of Lake Granbury is given in the section,
"Effects of floods on water-quality in selected reservoirs.”

Discharge at the gaging station Brazos River near Glen Rose, Texas
(08091000), approximately 31 miles downstream from Lake Granbury, bggan to
increase on October 12, (fig. 14). The peak discharge of 86,400 ft /s was
recorded on October 15. Discharges r% mained greater than 40,000 ft3/s until
October 19 and grgater than 20,000 ft°/s until October 23. By the end of the
‘month, 553,700 ft°/s-days (1,098,000 acre-feet) of water passed this station.
Water-quality data are not available for this station during the storm.

Flood flows on the Brazos River near Glen Rose began to cause dn increase
in stage and storage contents in Lake Whitney on the morning of October 13
(fig. 15). The water level rose from 529.02 feet above NGVD of 1929 (538,000
acre-feet) to 547.60 feet (1,040,000 acre-feet) on October 19. The peak stage
of 547.87 feet (1,050,000) occurred on October 22. The 18.85-feet rise in
water level in the reservoir represents a net change in storage contents of
512,000 acre-feet which is nearly one-half the total volume of water that
flowed past the gaging station near Glen Rose during October. The effects of
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Figure 13.-Reservoir-contents hydrograph for Lake Granbury near
Granbury, Texas (08090900), October 11-19, 1981
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Figure 14.-Discharge hydrograph for Brazos River near Gien Rose,
Texas (08091000), October 12-27, 1981
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the large inflow on the water quality in Lake Whitney is given in the section,
“"Effects of flood on water quality in selected reservoir."”

Outflow from Lake Whitney began on October 13. Releases were fairly
constant with the daily mean discharge at the gag1ng station Brazos River at
Whitney Dam (08092600) ranging from 16,200 ft3/s (32,100 acre-feet) to 22,400
ft°/s (44,400 acre-feet) dur1ng October 16-29 (fig. 6 and table 17). By the
end of October, on]y 347,200 ft3 /s-days (688,700 acre-feet) had been released
from the reservoir which is 409,300 acre-feet less than that flowing past the
gaging station near Glen Rose. These data indicate that a large proportion of
the water flowing into the reservoir during the middle of the month remained
in the reservoir at the end of the month.

The daily discharge-weighted-average dissolved-solids concentrations of
, water released from Lake Whitney did not vary significantly during October
16-31. Discharge-weighted-average concentrations of dissolved solids ranged
from 856 mg/L on October 28 to 1,110 mg/L on October 16 and 17. Dissolved-
solids 1oads during this same time period ranged from 64,000 tons per day on
October 16 to 20,900 tons per day on October 31.

Main Stem Brazos River from Whitney Dam to Mouth

The controlled releases from Lake Whitney attenuated discharges in the
Brazos River downstream from the reservoir. Daily mean discharges at the
gaging station Brazos River near Highbank, Texas (08098290), Brazos River at
College Station, Texas (08109500) and Brazos River at Richmond, Texas (08114000)
did not exceed 31 300 ft3/s during October 14-31.

Smaller variations were noted in the discharge-weighted-average concentra-
tions of dissolved solids in the Brazos River near Highbank than at other
stations downstream during October 14-31 (fig. 16 and table 18). Discharge-
weighted-average concentrations of dissolved solids at Highbank ranged from
667 mg/L on October 29 to 1,100 mg/L on October 19. Dissolved-solids loads
{gnged from 22,100 tons per day on October 15 to 79,500 tons per day on October

Discharge-weighted-average concentrations in the Brazos River near College
Station, Texas during October 14-31 ranged from 137 mg/L on October 14 to
1,020 mg/L on October 21 (fig. 16 and table 19). Dissolved-solids loads
during this period ranged from 3,810 tons per day on October 14 to- 71,700 tons
per day on October 19 and 23. Discharge-weighted average concentrations of
dissolved solids in the Brazos River at Richmond, Texas during October 14-31
ranged from 160 mg/L on October 19 to 844 mg/L on October 24 (fig. 16 and
table 20). Dissolved-solids loads ranged from 2,930 tons per day on October
14 to 67,000 tons per day on October 24.

EFFECTS OF FLOOD ON WATER QUALITY IN SELECTED RESERVOIRS

The 1arge volume of runoff associated with the floods in the upper Brazos
River basin had a pronhounced effect on the quality of water in Hubbard Creek
Reservoir (fig. 17), Possum Kingdom Lake (fig. 18), Lake Granbury (fig. 19),
and Lake Whitney (fig. 20). Samples collected from these reservoirs during
August 1981 and late October 1981 were analyzed to determine the water-quality
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conditions in these reservoirs before and after the flood. Data analysis
emphasized changes in temperature, dissolved oxygen and specific conductance,
as well as changes in the volume-weighted-average concentrations of dissolved
solids and selected major ions. Profiles of specific conductance, dissolved
oxygen, and temperature were prepared from data collected along the center
l1ine of the drowned river channels of each reservoir.

Reservoir Water Quality (General Considerations)

Impoundment of water in a reservoir may result in significant changes in
the quality of the water. Some of the changes are related to thermal stratifi-
cation--layering of the water due to temperature-induced density differences.
Thermal stratification may assume many patterns, depending upon the geographi-
cal location, climatological conditions, depth, surface area, and configuration
of the lake or reservoir.

During the winter, many deep reservoirs in the temperate zone are charac-
teristically isothermal--that is, the water has a uniform temperature and
density and circulates freely. With the onset of spring, solar heating warms
the incoming water and the water at the reservoir surface and causes a decrease
in density at water temperatures greater that 40°C. This warm surface water
overlies the colder and denser water. As the surface becomes progressively
warmer, the density gradient steepens and the depth to which wind can mix the
water is diminished. Thus, water in the reservoir ususally is separated into
three fairly distinct strata:

(1) The epilimnion---a warm freely circulating surface stratum.

(2) The metalimnion--a middle stratum characterized by a rapid decrease in
temperature.

(3) The hypolimnion--a cold stagnant lower stratum.

Thermal stratification in deep reservoirs usually persists until fall,
when a decrease in atmospheric temperature cools both the surface water in the
reservoir and inflow from streams. When the temperatures and densities of the
epilimnion and metalimnion approach those of the hypolimnion, the resistance to
mixing is.decreased, and wind action produces a complete mixing or overturn of
the water in the lake or reservoir. This process is commonly referred to as
"fall overturn."

The distribution of dissolved oxygen in a reservoir is affected by thermal
stratification. Oxygen enters the surface stratum of a reservoir by plant
photosynthesis and by absorption from the atmosphere. During winter circula-
tion, the water is exposed to the atmosphere repeatedly, and dissolved oxygen
utilized in the decomposition of organic matter is replenished. However,
during spring and summer, thermal stratification results in a decrease of
vertical circulation of the water. Oxygen utilized in the decomposition of
organic material is not replaced in the deep stratum of the reservoir, and a
vertical dissolved-oxygen gradient develops (Rawson, 1979).

Long-term variations of chemical constituents in 1akes and reservoirs
usually are difficult to determine because of the large seasonal and areal
variations of these constituents within the lake or reservoir. The determina-
tion of Tong-term variations of chemical constituents requires the computation
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of volume-weighted-average concentrations for each reservoir survey. This
allows for each individual measurement of the desired constituent to be
weighted on an equal basis by the volume of water each measurement represents.
The volume-weighted-average concentration then represents the concentration of
a constituent if the reservoir were a thoroughly mixed homogeneous body of
water. Specific-conductance data and result of analyses for dissolved solids,
chloride, sul fate, and hardness collected during 1978-81 were used to compute
vol ume-weighted-average concentrations of dissolved solids, chloride, sul fate,
and hardness for each reservoir.

Hubbard Creek Reservoir

Temperature

Data collected during the August 4, 1981, water-quality suryey on Hubbard
Creek Reservoir showed a pattern of thermal stratification that is typical of
reservoirs in north-central Texas during the summer months (fig. 21 and
table 21). The water temperature at site P near the dam ranged from 30.5°C
near the surface to 24.5°C near the bottom. In the headwaters of the reser-
voir, water temperatures at site Pjg in the Hubbard Creek arm of the reservoir
ranged from 30.5°C near the surface to 28.0°C near the bottom. In the Big
Sandy Creek arm of the reservoir, water temperatures at site P12 ranged from
29.5°C near the surface to 27.5°C near the bottom.

Data collected during the October 27, 1981, water-quality survey show
that water temperatures near the reservoir surface were 10° to 15°C less than
during the August water-quality survey (fig. 21 and table 22). The reservoir
was fairly well mixed from top to bottom although some longitudinal variations
in water temperature were noted. Water temperatures at site P; near the dam
ranged from 17.5°C near the surface to 17.0°C near the bottom. In the Hubbard
Creek arm of the reservoir, the water temperature at site Pi;g ranged from
16.0°C near the surface to 15.0°C at a depth of 10 feet. In the Big Sandy
Creek arm of the reservoir at site Py» water temperatures ranged from 15.0°C
near the surface to 14.5°C near the bottom.

Air temperature collected by the National Oceanic and Atmospheric Adminis-
tration at Breckenridge, Texas and water-temperature data collected on North
Fork Hubbard Creek, Clear Fork Brazos River, and Hubbard Creek Reservoir indi-
cate that the lower, more uniform water temperatures in Hubbard Creek Reservoir
during the October water-quality survey probably were a combined result of the
flood and cooler air. Water temperatures:in Clear Fork Brazos River near
Eliasville (08087300), a nearby gaging station affected by the flood, ranged
from 18.0°C to 23.0°C during October 9-23. Water temperatures in North Fork
Hubbard Creek, a tributary to Hubbard Creek Reservoir which was not seriously
affected by the storm ranged from 17.0°C to 25.0°C during the same time period.
Water-temperature data collected by the West Central Texas Municipal Water
District indicate that the average water temperature near the Hubbard Creek
Dam decreased from 23.0°C on October 9 to 15.5°C on October 23. Air-tempera-
ture data collected at Breckenridge, Texas during the month of October ranged
from 34.0°C to 3.5°C and averaged 19.0°C. The lowest air temperature occurred
on October 25 just prior to the water-quality survey.
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Dissolved Oxygen

Dissolved-oxygen concentrations during the August 1981 water-quality
survey showed a well defined pattern of stratification. Dissolved-oxygen
concentrations at site Py near the dam ranged from 7.4 mg/L near the surface
to 0.0 mg/L near the bottom. The sharpest decrease occurred between depths of
40 to 50 feet where the dissolved-oxygen concentrations decreased from 4.7 to
0.2 mg/L. In the headwaters of the Hubbard Creek arm of the reservoir,
dissolved-oxygen concentrations at site Pjg ranged from 6.8 mg/L near the
surface to 0.2 mg/L at a depth of 10 feet. In the headwaters of the Big Sandy
Creek arm of the reservoir dissolved-oxygen concentrations at site Py ranged
from 8.5 mg/L near the surface to 5.3 mg/L near the bottom.

Although some variation was noted in dissolved-oxygen concentrations in
Hubbard Creek Reservoir during the October water-quality survey, most of the
vertical stratification was confined to the headwaters of the Hubbard Creek
and Big Sandy Creek arms of the reservoir. Dissolved-oxygen concentrations at
site Py near the dam ranged from 7.5 to 7.4 mg/L. In the Hubbard Creek arm of
the reservoir, dissolved-oxygen concentrations at site Pyg ranged from 7.9 mg/L
‘near the surface to 7.6 mg/L near the bottom. At site Pjg, two miles upstream
from site P1; (along the drowned river channel) dissolved-oxygen concentrations
ranged from 7.8 mg/L near the surface to 4.9 mg/L near the bottom. At site
P18, the most upstream sampling location in the Hubbard Creek arm of the
reservoir dissolved-oxygen concentrations ranged from 6.3 mg/L near the surface
to 7.5 mg/L at a depth of 10 feet. In the headwaters of Big Sandy Creek arm
of the reservoir at site Py, dissolved-oxygen concentrations ranged from
8.1 mg/L to 6.6 mg/L. The variation in dissolved oxygen from surface to bottom
at most other sampling locations in the Big Sandy Creek arm of the reservoir
was less than 1.0 mg/L.

Specitic Conductance, Dissolved Solids, Dissolved Chloride,
Dissolved Sul fate, and Hardness

Data collected during the August 1981 water quality survey show that
variations of specific-conductance values throughout Hubbard Creek Reservoir
were small. Specific-conductance values at site P; near the dam ranged from
1,080 to 1,110 umho (micromhos per centimeter at 25° Celsius). At site Pjg
in the headwaters of the Hubbard Creek arm of the reservoir, the specific
conductance ranged from 1,130 to 1,180 umho, and the volume-weighted-average
specific conductance for the Hubbard Creek arm of the reservoir was 1,090
umho. In the headwaters of the Big Sandy Creek arm of the reservoir at site
Plf’ specific conductance values ranged from 1,110 to 1,120 umho, and the
vol ume-weighted-average specific-conductance value far the Big Sandy Creek
arm of the reservoir was 1,080 pymho.

Data collected during the October 1981 water-quality survey show that
specific-conductance values were more variable and generally were less through-
out the reservoir than during the August survey, except in the headwaters of
the Hubbard Creek arm of the reservoir. The more mineralized inflow from
Hubbard Creek after the flood resulted in slightly greater specific-conductance
values at site Pig than during the August water-quality survey. Specific-
conductance values at site Pjg during the October water-quality survey ranged
from 1,140 to 1,880 umho. Although greater specific-conductance values were
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noted in the headwaters of the Hubbard Creek arm of the reservoir, the volume-
weighted-average specific-conductance for the Hubbard Creek arm of the reser-
voir was 663 umho, a 39 percent decrease between the August and October water-
quality surveys. ,

At site P12 in the headwaters of the Big Sandy Creek arm of the reservoir,
specific-conductance values ranged from 494 to 621 ymho. The volume-weighted-
average specific-conductance for the Big Sandy Creek arm of the reservoir was
436 ymho, a 60 percent decrease between the August and October water-quality
surveys.

The decrease in volume-weighted-average specific-conductance values in
Hubbard Creek Reservoir is attributed to the large quantity of inflow of rela-
tively dilute water from Hubbard Creek and Big Sandy Creek. On October 13
during peak inflow to the reservoir, the discharge-welghted-average specific-
conductance was 276 umho in Hubbard Creek and 95 ymho in Big Sandy Creek (see
tables 11 and 12).

The volume-weighted-average concentrations of dissolved solids, chloride,
sul fate, and hardness in Hubbard Creek Reservoir also decreased significantly
between the August and October water-quality surveys. The volume-weighted-
average concentration of dissolved solids decreased by more than 50 percent,
from 570 mg/L in August to 280 mg/L in October. The volume-weighted-average
concentrations of sul fate, chloride, and hardness decreased from 43 to 20
mg/L, 250 to 112 mg/L, and 260 to 140 mg/L, respectively.

The decreases in volume-weighted-average concentrations are attributed
directly to the flood. Although normal fall overturn of the reservoirs may
have been partly responsible for cooler water temperatures and fairly well-
mixed conditions in the reservoir, fall overturn would not significantly
affect the volume-weighted-average concentrations of dissolved solids, chloride,
or hardness. Fall overturn and the associated oxidation of reduced sul fur
species in water formerly devoid of oxygen may cause the volume-weighted-
average concentrations of sulfate to increase slightly. Because the volume-
weighted-average concentration or value of a constituent represents the value
or concentration that each constituent would have if the reservoir were a
thoroughly mixed homogeneous body of water, fall overturn would not alter the
vol ume-weighted-average values or concentrations of most dissolved consti-
tuents.

Volume weighted-average concentrations of dissolved constituents for each
of the reservoir surveys during the 1978-81 water years were computed to show
the effects of the floods of August 1978 and October 1981 (fig. 22). The data
clearly illustrate that floods greatly decrease the concentrations of selected
constituents in the reservoir. During the June 9, 1978 water-quality survey,
the volume-weighted-average concentration of dissolved solids in Hubbard Creek
Reservoir was 795 mg/L. After the flood of August 1978, the volume-weighted-
average concentrations of dissolved solids decreased to 436 mg/L. A gradual
increase in dissolved solids occurred in the reservoir from August 1978 to
August 1981. In August 1981, the volume-weighted-average dissolved-solids ,
concentration was 570 mg/L. After the October 1981 flood, the volume-weighted-
average dissolved-solids concentrations decreased to 280 mg/L As a result of
the 1978 and 1981 floods, the volume-weighted-average dissol ved-solids concen-.
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trations in Hubbard Creek Reservoir have shown a net decrease of 514 mg/L from
June 1978 to October 1981. Similar decreases also were noted in the volume-
weighted-average concentrations of dissolved chloride, sul fate, and hardness.

Possum Kingdom Lake

Temperature

Temperature data collected on Possum Kingdom Lake during the August 5-6,
1981 water-quality survey showed a pattern of well defined thermal stratifi-
cation throughout most of the reservoir (fig. 23 and table 23). Water tempera-
tures at site Ac near the dam ranged from 30.0°C near the surface to 17.5°C
near the bottom. Differences between surface and bottom water temperatures
along the drowned river channel continued to be at least 5°C as far up the
reservoir as site Ec. The sharpest declines in water temperature in the
reservoir between sites Ag and Ec occurred at depths below 30 feet. Depths
along the drowned river channel gor most sampling sites upstream from site E¢
are generally less than 40 feet, and thermal stratification was not as pro-
nounced at these locations. In the headwaters of the reservoir, water tempera-
tures at site G¢ ranged from 30.0°C near the surface to 29.0°C near the
bottom. At site Pjp, the most upstream sampling location on the reservoir,
water temperatures were 29.5°C from top to bottom.

Data collected during the October 28, 1981, water-quality survey showed
that water temperatures in the reservoir were lower than during the August
survey and the uniformity of water temperature from top to bottom indicate
that the reservoir was fairly well mixed (fig. 23 and table 24). Longitudinal
variation in water temperature was noted in the reservoir with progressively
cooler temperatures toward the headwaters. Water temperatures at site Pqg
ranged from 17.0°C near the surface to 16.0°C near the bottom. The largest
varigtion in water temperature from surface to bottom was 2.0°C at sites Dg
and Fc.

The cooler temperatures in Possum Kingdom Lake during the October water-
qualjty survey were probably a combined result of the flood inflow and cooler
air temperatures over the lake. Air temperature data at Graham, Texas, recorded
by the National Oceanic and Atmospheric Administration for the month of October,
ranged from 35.0° to 0.5°C and averaged 18.0°C. Although no water temperature
data are available for inflow into the reservoir or for the reservoir immedi-
ately prior to the October storm, it is doubtful that air temperature could
have been solely responsible for the cooler, well mixed water in the reservoir
at the time of the October water-quality survey.

Dissolved Oxygen

Dissolved-oxygen concentrations in Possum Kingdom Lake during the August
water-quality survey showed a well-defined pattern of stratification. Dis-
sol ved-oxygen concentrations near the surface of the reservoir ranged from 6.4
to 7.7 mg/L. At most sampling locations between site Ac near the dam and
site D¢, approximately 16 miles upstream along the drowned river channel,
dissol ved-oxygen concentrations below a depth of approximately 40 feet were
less than 1.0 mg/L. Dissolved-oxygen concentrations near the surface at
sites Ec, Fc and G¢ ranged from 6.8 to 7.1 mg/L while concentrations near the
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bottom were 0.2, 2.2, and 1.3 mg/L respectively. At site P1g, the furthest
upstream sampling location, dissolved-oxygen concentrations ranged from 7.7
mg/L near the surface to 6.0 mg/L near the bottom.

Dissolved-oxygen concentrations in Possum Kingdom Lake during the October
water-quality survey were generally uniform from surface to bottom, although
significant decreases in concentration were noted at sites Ac and Bg at
depths greater than 80 feet. Significant longitudinal variations in dissolved-
oxygen concentrations were noted in the reservoir. Dissolved-oxygen concen-
trations at site Ac near the dam ranged from 5.4 mg/L near the surface to 5.1
mg/L at a depth of 80 feet to 2.3 mg/L near the bottom. Concentrations at
site G¢ in the headwaters of the reservoir ranged from 7.7 mg/L near the
surface to 7.6 mg/L near the bottom. At site Pyjg, dissolved-oxygen contentra-
tions ranged from 8.5 mg/L near the surface to }.8 mg/L near the bottom.

Specific Conductance, Dissolved Solids, Dissolved Chloride,
Dissolved Sulfate, and Hardness

Data collected during the August 1981 water-quality survey show that
specific-conductance stratification of the water occured at most sites in
Possum Kingdom Lake. At site Ac near the dam, specific-conductance values
ranged from 2,670 ymho near the surface to 3,170 umho near the bottom. At
site E¢, specific-conductance values ranged from 2,620 ymho near the surface
to 3,050 uymho near the bottom. Stratification was also noted at shallow sites
Gc and P&O, in the headwaters of the reservoir. Specific-conductance values
at site ranged from 2,590 umho near the surface to 2,960 umho near the
bottom. At site Pyp, the specific conductance ranged from 2,820 umho near
the surface to 2,968 umho near the bottom. The volume-weighted-average speci-
fic conductance for Possum Kingdom Lake at the time of the August water-quality
survey was 2,660 umho.

Specific-conductance data collected during the October 1981 water-quality
survey shows that the reservoir was fairly well mixed from top to bottom with
the exception of the deep sites near the dam. The specific conductance of
water at site Ac ranged from 1,300 umho near the surface to 1,940 ymho near
the bottom. At site Bc, approximately 5 miles upstream along the drowned
river channel, specific-conductance values ranged from 1,250 ymho near the
surface to 2,340 umho near the bottom.

Longitudinal variation in specific conductance was also noted during the
October water-quality survey. Specific-conductance values were less near the
center of the reservoir at site D¢ than those near the dam or near the head-
waters of the lake. The specific conductance at site Dg ranged from 965 umho
near the surface to 817 umho near the bottom. In the headwaters of the reser-
voir, the specific conductance of the water was considerably greater, reflec-
ting the more mineralized inflow from the Brazos River after the flood.
Specific-conductance values at site Gp ranged from 982 umho near the surface
to 1,880 uymho near the bottom. The volume-weighted-average specific-
conductance value for Possum Kingdom Lake at the time of the October water-
quality survey was 1,110 ymho, a decrease of 58 percent from the August water-

quality survey.

The volume-weighted-average concentrations cf dissolved solids, chloride,
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sul fate, and hardness in Possum Kingdom Lake also decreased significantly
between the August and October water-quality surveys. The vol ume-weighted-
average concentration of dissolved solids decreased by 57 percent, from 1,560
mg/L in August to 665 mg/L in October. The volume-weighted-average concentra-
tions of dissolved chloride, sulfate, and hardness decreased from 626 to 272
mg/L, 313 to 127 mg/L, and 454 to 187 mg/L, respectively.

The change in volume-weighted-average values of specific conductance and
concentrations of dissolved solids, chloride, sul fate, and hardness is attri-
buted to the large quantity of inflow of relatively dilute water. The volume-
weighted-average concentrations of dissolved solids, chloride, sul fate, and
hardness in Possum Kingdom Lake at the time of the October water-quality survey
are slightly less than tRe estimated concentrations for the Brazos River at
South Bend for the month of October (table 14). Volume-weightedaverage concen-
trations in Possum Kingdom Lake were slightly less than those at South Bend
because of the large quantity of relatively dilute inflow from Big Cedar Creek
and the ungaged inflow between Brazos River at South Bend and the reservoir.

Figure 24 shows that the floods of August 1978 and October 1981 had a
pronounced effect on selected dissolved constituents in Possum Kingdom Lake.
During the June 1978 water-quality survey, the volume-weighted-average concen-
tration of dissolved solids in Possum Kingdom Lake was 2,380 mg/L. After the
August 1978 flood, the volume-weighted-average concentration of dissolved
solids was 792 mg/L. A progressive increase in dissolved solids occurred
between August 1978 and August 1981 because of the more highly mineralized
water entering the reservoir from the Brazos River. In August 1981, the
vol ume-weighted-average dissolved-solids concentration was 1,560 mg/L. After
the October flood, the volume-weighted-average concentration of dissolved
solids was 665 mg/L. Similar decreases in volume-weighted-average concentra-
tions have also occurred for dissolved chloride, sulfate, and hardness.

Lake Granbury

Temperature

Data collected during the August 6-7, 1981 water-quality survey of Lake
Granbury showed a definite pattern of thermal stratification in the reser-
voir (fig. 25 and table 25). The largest decreases in water temperature were
noted at depths of greater than 35 feet. The temperature at site Fg¢, 16 miles
upstream from the dam, ranged from 31.5°C near the surface to 29.5°C near
the bottom. The temperature at site Ac near the dam ranged from 30.5°C at
the surface to 21.5°C at the bottom. Upstream from site Fc, where water
depths are less than about 35 feet, water temperature ranged from 31.0°C at
the surface to 28.5°C near the bottom.

Data collected during the October 29, 1981 water-quality survey showed
that the water temperature in the reservoir was less than during the August
survey and that the reservoir was well mixed from surface to bottom (fig. 25
and table 26). The water temperature at site Ac ranged from 18.5°C near the
surface to 18.0°C near the bottom. The variation in water temperature from
the surface to the bottom was less than 1.5°C at all other sampling locations
in the reservoir.
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Air temperature data collected by the National Oceanic and Atmospheric
Administration at Glen Rose, Texas, approximately 12 miles southwest of Lake
Granbury, and water temperature data collected at Brazos River near Dennis
indicate that the cooler waters in Lake Granbury at the time of the October
water-quality survey were probably a combined result of the flood and cooler
air temperatures. Water temperatures in the Brazos River near Dennis ranged
from 16.0°C to 23°C between October 11-29.

Water temperatures during increased flows on October 13 and 14 were 20.0°C
and 22.0°C respectively. The coolest temperatures of 16.0°C occurred on Octo-
ber 24 and 25, just prior to the water-quality survey.

Air temperatures for the month of October ranged from 35.0°C to -0.5°C
and averaged 20°C at Glen Rose, Texas. The coolest air temperatures of -0.5°C
and 0.0°C occurred on October 24 and October 27, respectively, just prior to
the water-quality survey.

Dissolved Oxygen

Dissolved oxygen concentration in Lake Granbury during the August 1981
water-quality survey indicated a typical summer stratification pattern at
sites deeper than about 30 feet. At depths below 30 feet, most of the oxygen
was depleted, while dissolved-oxygen concentrations near the surface of the
reservoir were near or above saturation. At site Ac near the dam, the
dissol ved-oxygen concentrations ranged from 7.0 mg/L near the surface to
0.1 mg/L near the bottom. At site Hg, approximately 20 miles upstream from the
dam along the drowned river channel, dissolved-oxygen concentrations ranged
from 7.1 mg/L near the surface to 3.5 mg/L near the bottom. At site K¢ near
the headwaters of the reservoir, the dissolved-oxygen concentrations ranged
from 7.3 mg/L near the surface to 2.5 mg/L near the bottom.

Data collected during the October 1981 water-quality survey revealed that
dissolved oxygen from surface to bottom at all sampling locations was much more
uniform than during the August survey and only a slight longitudinal variation
was noted in dissolved-oxygen concentrations throughout the reservoir. At
site Ac, dissolved-oxygen concentrations ranged from 7.1 mg/L near the surface
and bottom to 7.3 mg/L at several intermediate depths. The dissolved oxygen
concentrations at F¢ ranged from 7.4 mg/L near the surface to 7.2 mg/L near
the bottom. At site K;, dissolved-oxygen concentrations ranged from 7.6 mg/L
at a depth of 10 feet to 7.3 mg/L near the bottom.

Specific Conductance, Dissolved Solids, Dissolved Chloride,
Dissolved Sul fate, and Hardness

Data collected during the August 1981 water-quality survey on Lake
Granbury showed 1ittle variation in specific conductance values at sites Ag
and Bc, two of the deeper sampling sites on the reservoir. Some vertical
variation was noted at sites D¢ and E; where the largest specific-conductance
values occurred at depths of 38-40 feet. Specific-conductance values at site
Dc ranged from 2,470 ymho at a depth of 10 feet to 2,660 umho at a depth of
38 feet and to 2,480 uymho near the bottom. At site Eg specific-conductance
values ranged from 2,480 umho near the surface to 2,720 umho at a depth of 40
feet to 2,490 uymho near the bottom. At sites Fo and Hc specific-conductance
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values were slightly larger near the bottom than near the surface. The volume-
weighted-average specific-conductance value for Lake Granbury during the
August water-quality survey was 2,580 umho.

The October water-quality survey of Lake Granbury showed 1ittle vertical
variation in specific conductance, although some longitudinal variations were
noted. Specific-conductance values at site Ac near the dam ranged from 1,510
umho near the surface to 1,520 ymho near the bottom. At site K¢ in the head-
waters of the reservoir, the specific-conductance was 1,570 ymho at the surface
and bottom. The smallest specific-conductance values were observed at sites
Ec and F¢ where. values ranged from 1,080 to 1,140 ymho and from 1,090 to
1, 130 umgo respectively. The volume-welghted-average spec1f1c-conductance
value for Lake Granbury at the time of the October water-quality survey was
1,320 ymho, a 49 percent decrease from the volume-weighted-average specific-
conductance value found in August.

The volume-weighted-average concentrations of dissolved solids, chloride,
sul fate, and hardness in Lake Granbury decreased significantly between the
August and October water-quality surveys. The volume-weighted-average concen-
tration of dissolved solids decreased by 51 percent, from 1,520 mg/L in August
to 750 mg/L in October. The volume-weighted-average concentrations of dissol ved
chloride, sulfate, and hardness decreased from 600 to 280 mg/L, from 310 to 140
mg/L, and from 450 to 250 mg/L, respectively.

The decrease in volume-weighted-average values of specific conductance
and concentrations of dissolved solids, chloride, sul fate, and hardness is
attributed directly to the large amount of relatively dilute flood inflow
from the Brazos River. The 1,074,000 acre-feet of water which flowed past the
Brazos River near Dennis during October 1981 is about seven times the designed
flood capacity of Lake Granbury. The volume-weighted-average concentrations
of dissolved solids, chloride, sulfate, and hardness in Lake Granbury at the
time of the October water-quality survey were slightly 1ess than those computed
for the Brazos River near Dennis, Texas for the month of October.

Figure 26 shows the long-term effects of flooding on the volume-weighted-
average concentrations of dissolved solids, chloride, sul fate, and hardness
concentrations in Lake Granbury. Following the August 1978 flood, the volume-
weighted-average concentration of dissolved solids decreased from 1,480 to
1,320 mg/L. Increased inflow to the reservoir in the spring of 1979 caused the
vol ume-weighted-average concentration of dissolved solids to decrease from
1,580 mg/L on February 14 to 630 mg/L on May 14, a decrease of 60 percent.

The October 1981 flood caused the volume-weighted-average concentration to
decrease from 1,520 mg/L in August 1981 to 750 mg/L in October. Large varia-
tions in vo]ume-we1ghted-average concentrations of dissolved constituents are
more 1ikely to occur in Lake Granbury than in Hubbard Creek Reservoir, Possum
Kingdom Lake, or Lake Nh1bney because the storage capacity is much smaller.

Lake Whitney

Temperature

Temperature data collected during the August 12, 1981, water-quality survey
of Lake Whitney showed a well-defined pattern of thermal stratification through-
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out most of the reservoir (fig. 27 and table 27). The temperature at site Ag
near the dam ranged from 29.5°C near the surface to 20.5°C near the bottom.

The sharpest declines in temperature occurred at depths below 30 feet. Up-
stream along the drowned river channel, as the depth of the sampling locations
gradually decreased, the difference in temperature from top to bottom decreased.
Near the headwaters of the reservoir at site P; , the depth was less than 30
feet and the water temperature varied only 2.5 é, from 32.0°C near the surface
to 29.5°C near the bottom.

Temperature data collected during the October 30, 1981, water-quality
survey showed that water temperatures in the reservoir were cooler than the
water temperatures reported in the August survey and that the reservoir was
well mixed from top to bottom (fig. 27 and table 28). The water temperature
at site AC near the dam was 19.0°C from surface to bottom. The water tempera-
ture at site Pyy, located 27 miles upstream from the dam, differed by 1.0°C
or less from t%e water temperature at site Ac. The temperatures at site Pp;
ranged from 18.0°C near the surface to 18.5°C near the bottom.

Air temperature recorded by the National Oceanic and Atmospheric Adminis-
tration at Hillsboro, Texas showed that temperatures for the month of October
1981 ranged from 35.0°C to 3.5°C and the monthly average temperature was 20.5°C.
The coolest temperature occurred on October 26, just prior to the water-quality
survey, so it is probable that the cooler, well-mixed conditions in the reser-
voir were due, in part, to cooler air temperatures. No continuous temperature
data are available for inflow into the reservoir or for the reservoir itself
immediately prior to the October storm to show the effect of the floodwaters,
but because the reservoir*contents increased from approximately 530,000 acre-
feet on October 12 to approximately 1,050,000 acre-feet by October 22, the
floodwaters were probably a contributing factor to the cooler water tempera-
tures found during the October water-quality survey.

Dissolved Oxygen

Dissol ved-oxygen concentrations in Lake Whitney at the time of the August:
water-quality survey showed a stratification pattern typical of the summer
season. At site Ac near the dam, the dissolved-oxygen concentrations ranged
from 7.7 mg/L near the surface to 0.5 mg/L near the bottom. The dissolved~
oxygen concentrations near the surface for other sampling locations upstream
from the dam along the drowned river channel were greater than 8.0 mg/L.

The dissol ved-oxygen concentrations were less than 1.0 mg/L at depths below
50 feet throughout the reservoir. At site Py, near the headwaters, concen-
trations ranged from 10.3 mg/L near the surface to 0.6 mg/L near the bottom.

Data collected during the October 1981 water-quality survey show the
dissolved-oxygen concentrations to be almost uniform from surface to bottom,
and only slight longitudinal variations in dissolved oxygen concentrations
were noted. At site Ac, dissolved-oxygen concentrations ranged from 7.1
mg/L near the surface Eo 6.8 mg/L between 70 and 100 feet below the surface
and 7.1 mg/L near the bottom. At site P13, the concentration ranged from
7.5 mg/L near the surface to 7.1 mg/L near the bottom.
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Specific Conductance, Dissolved Solids, Disolved Chloride,
Dissolved Sul fate, and Hardness

Water-quality data collected during the August survey of Lake Whitney show
a well-defined pattern of stratification throughout the reservoir for specific
conductance of the water. At site Ar, the specific-conductance values ranged
from 1,950 pymho near the surface to 2,200 uymho near the bottom. A decrease in
the specific conductance of the water was noted as reservoir depths decreased
and also in a longitudinal direction toward the headwaters of the reservoir.
The smallest specific-conductance values occurred near the surface at site
P11, the sampling location farthest upstream along the drowned river channel.
At site Py; the specific-conductance values ranged from 1,780 pmho near the
surface to 1,790 umho gear the bottom. The volume-weighted-average specific
conductance for Lake Whitney, based on the data collected during the August
water-quality survey, was 1,890 umho.

Specific-conductance data collected during the October water-quality
survey continued to show a pattern of stratification, though not as well
defined as during the August survey. The specific conductance of the water at
site Ac ranged from 1,550 umho near the surface to 1,700 uymho near the bottom.
The specific-conductance values at site Py; were 1,630 umho from surface to
bottom. The largest specific-conductance values occurred at site D¢, 12 miles
upstream from the dam along the drowned river channel. Specific-conductance
values at this site ranged from 1,590 umho near the surface to 1,760 umho near
the bottom.

The volume-weighted-average specific-conductance value for Lake Whitney at
the time of the October survey was 1,610 ymho, a decrease of 15 percent
from the August water-quality survey.

The volume-weighted-average concentrations of dissolved solids, chloride,
sul fate, and hardness in Lake Whitney showed only a slight decrease between
the August and October water-quality surveys. The volume-weighted-average
concentration of dissolved solids decreased by 15 percent, from 1,090 mg/L in
August to 927 mg/L in October. The volume-weighted-average concentrations
of dissolved chloride, sul fate, and hardness decreased from 424 mg/L to 355
mg/L, 212 mg/L to 179 mg/L, and 342 mg/L to 295 mg/L, respectively.

The relatively small decrease in the volume-weighted-average concentra-
tions of dissolved constituents in Lake Whitney between the August and October
water-quality surveys is partially attributed to antecedent conditions result-
ing from a period of heavy rainfall and inflow that occurred in the Lake
Whitney area in June. On June 16, more than 5 inches of rain were reported
for Whitney Dam and 6.5 inches were reported for Hillsboro. The contents of
the rese{voir increased from 650,000 acre-feet on June 9 to 738,200 acre-feet
on June 17.

By the time of the August survey, the volume-weighted-average concentra-
tions of dissolved constituents in Lake Whitney had already decreased by approx-
imately 15 percent from the May 1981 water-quality survey. Although no water-
quality data are available on the inflow to Lake Whitney for the October flood,
discharge data for the Brazos River near Glen Rose serve as evidence that
large quantities of dilute floodwater entered the reservoir. Discharge in
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the Brazos River near Glen Rose totaled 553,700 ft3/s (1,098,000 acre-feet)
for the month of October and caused the contents of Lake Whitney to increase
from 538,000 acre-feet on October 13.to 1,050,000 acre-feet on October 22.

The total release from the reservoir for October was only 347,222 ft3/s-
days (688,714 acre-feet) which is 409,000 acre-feet less than the total at the
gaging station near Glen Rose. These data indicate that a 1arge portion of
the floodwater that entered Lake Whitney in the middle of the month remained
in the reservoir at the end of the month. This, too, was a contributing factor
to the relatively small decrease in the concentrations of dissolved consti-
tuents in the reservoir following the flood. Instead of replacing the water
contained in Lake Whitney, the dilute floodwater was added to and, therefore,
.mixed with, the more concentrated water already in the reservoir.

Figure 28 shows the effects of the October 1981 flood as well as the
August 1978 flood in Lake Whitney. After the August 1978 flood, the volume-
weighted-average concentrations of dissolved solids in the reservoir increased
by 57 percent due to the inflow of more concentrated water released from
reservoirs- further upstream. Large inflows of relatively dilute water in
April, May, and June of 1979 caused the volume-weighted-average concentrations
of dissolved solids to decrease to approximately 720 mg/L in the summer of
1979. A progressive increase in the volume-weighted-average of dissolved
solids occurred between the summer of 1979 and the spring of 1981. Large
inflows into the reservoir in June and October 1981 resulted in a decrease of
vol ume-weighted-average concentrations of dissolved solids.

SUMMARY AND CONCLUSIONS

The storm that moved across north-central Texas during October 11-13,
1981, produced intense rainfall along either side of a 1ine from east of
Abilene, Texas to Breckenridge, Texas to north of Mineral Wells, Texas. Rain-
fall of more than 20 inches was recorded near Clyde, Texas and in several
locations near Breckenridge, Texas.

Record peak discharges of 5,020 and 18,500 ft3/s were recorded on Elm
Creek at Abilene, Texas (08083430) and Cedar Creek 3t Abilene, Texas (08083470),
respectively. A record peak discharge of 80,000 ft°/s also was recorded at the
gaging station Big Sandy Creek above Breckenridge, Texas (08086290).

The large quantity of rainfall in the Hubbard Creek drainage basin caused
the water levels in Hubbard Creek Reservoir to rise 13.33 feet and the storage
contents to increase from 233,000 to 441,000 acre-feet during 56 hours.

After the storm, the maximum-mean-daily discharge recorded at the gaging
station Brazos River near South Bend, Texas (08088000) was 39,100 §t3/s.
Much of this water along with a record peak discharge of 34,700 ft°/s for Big
Cedar Creek near Ivan, Texas (08088450) caused the water level in Possum King-
dom Lake to rise by 7.54 feet and the storage contents to increase from 505,000
acre-feet on October 11 to 653,000 acre-feet on October 13.

Downstream from Possum Kingdom Lake the maximum discharge recorded at the
gaging station Brazos River near Palo Pinto 508089000) was 68,600 ft°/3, and
the maximum discharge of record of 96,600 ft°/s was recorded at the gaging
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station Brazos River near Dennis (08090800). The large increase in discharge
between the two stations is attributed to ungaged inflow from the Palo Pinto

drainage basin which received approximately 10 inches of rain during October

11-13, 1981.

Dissolved-solids concentrations in the Brazos River near Dennis decreased
from 1,630 mg/L on October 6, to a minimum of 103 mg/L on October 13. The
maximum daily dissolved-solids 1oad was 245,000 tons per day on October 15.
The monthly discharge-weighted-average concentration of dissolved solids for
the Brazos River near Dennis was 782 mg/L, and the monthly dissolved solids
load was 1,143,000 tons.

Only a 0.02-foot change was noted in the water level of Lake Granbury.
Lake Granbury was not designed to detain floodwaters, therefore floodwaters
were allowed to pass through the reservoir.

The peak discharge recorded for the gaging station Brazos River at Glen.

Rose (08031000) approximately 31 miles downstream from Lake Granbury, was
86,400 ft°/s. Water flowing past the gaging station at Glen Rose flowed into
Lake Whitney causing the water level to rise by 18.85 feet and the storage
contents to increase from 538,000 acre-feet to 1,050,000 acre-feet. The net

1ange in storage contents of 512,000 acre-feet is nearly equal to one-half

ne 1,098,000 acre-feet of water recorded at Brazos River near Glen Rose

or October. The controlled releases from Lake Whitney attenuated flood dis-
charges in the Brazos River downstream from the reservoir.

The Targe volume of runoff associated with the floods in the upper Brazos
River basin had a pronounced effect on the quality of water in Hubbard Creek
Reservoir, Possum Kingdom Lake, Lake Granbury, and Lake Whitney. Data col-
lected on these reservoirs during August 1981 and late October 1981 were
anal yzed to determine water-quality conditions in these reservoirs before and
after the flood.

Temperature data collected on Hubbard Creek Reservoir during the August
1981 water-quality survey showed a pattern of thermal stratification that is
typical of reservoirs in north-central Texas during the summer. Water
temperature at site Ac near the dam ranged from 30.5°C near the surface to
24.5°C near the bottom. Temperature data collected during the October 1981
water-quality survey show that water temperatures near the reservoir surface
were 10° to 15°C lTess than in August. Water temperatures at site A¢ ranged
from 17.5°C near the surface to 17.0°C near the bottom. The lower more uniform
water temperatures in October probably were a combined result of the flood and
cooler air.

Dissol ved-oxygen concentrations in Hubbard Creek Reservoir also showed a
typical pattern of stratification during the August 1981 water-quality survey.
Dissolved-oxygen concentrations at site P} near the dam ranged from 7.4 mg/L
near the surface to 0.0 mg/L near the bottom. Although some variation was
noted in dissolved-oxygen concentrations in Hubbard Creek Resevoir after the
October flood, most of the stratification was confined to the headwaters of
the reservoir.

The volume-weighted-average concentrations of dissolved solids, chloride,
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sul fate, and hardness in Hubbard Creek Reservoir decreased significantly
between the August and October water-quaiity surveys. The volume-weighted-
average concentration of dissolved solids decreased by more than 50 percent,
from 570 mg/L in August to 281 mg/L in October. The volume-weighted-average
concentrations of sul fate, chloride, and hardness decreased from 43 to 20
mg/L, 250 to 112 mg/L, and 260 to 140 mq/L, respectively.

The decreases in volume-weighted-average concentrations are attributed
directly to the flood. Although it is possible that normal fall overturn of
the reservoir may have been partly responsible for cooler water, greater dis-
solved oxygen concentrations, and fairly well-mixed conditions in the reser-
voir, fall overturn would not significantly affect the volume-weighted-average
concentrations of dissolved solids, chloride, or hardness.

Temperature data collected on Possum Kingdom Lake during the August 1981
water-quality survey showed a pattern of well defined thermal stratification
throughout most of the reservoir. The sharpest declines in water temperature
occurred at depths below 30 feet. Water temperatures at site Ac near the dam
ranged from 30.0°C near the surface to 17.5°C near the bottom. Temperature
data collected during the October water-quality survey showed water tempera-
tures in the reservoir were less than those during the August survey and that
the reservoir was fairly well mixed from surface to bottom. Water temperatures
at site Ac were 20.0°C for both the surface and bottom.

Dissolved oxygen concentrations near the surface in Possum Kingdom Lake
during the August water-quality survey ranged from 6.4 to 7.7 mg/L throughout
the reservoir. Dissolved-oxygen concentrations at depths of greater than 40
feet generally were less than 1.0 mg/L. Dissolved-oxygen concentrations during
the October water-quality survey were rather uniform from surface to bottom
although some significant decrease in concentration was noted at depths of
greater than 90 feet.

The volume-weighted-average concentrations of dissolved solids, chloride,
sul fate, and hardness in Possum Kingdom Lake decreased significantly between
the August and October water-quality surveys. The volume-weighted-average
concentration of dissolved solids decreased by 57 percent, from 1,550 mg/L in
August to 665 mg/L in October. The volume-weighted-average concentrations
of dissolved chloride, sul fate, and hardness decreased from 626 to 272 mg/L,
313 to 127 mg/L, and 454 to 187 mg/L, respectively.

Temperature data collected on Lake Granbury during the August water-
quality survey showed a definite pattern of thermal stratification. The sharp-
est declines in temperature occurred at depths of greater than 35 feet. Water
temperature at site Ac near the dam ranged from 30.5°C near the surface to
21.5°C near the bottom. Temperature data collected during the October water-
quality survey showed that the water temperatures in the reservoir were less
than those during the August water-quality survey and that the reservoir was
well mixed from surface tb bottom. Water temperatures at site Ac ranged from
18.0°C near the surface to 18.5°C near the bottom.

Dissol ved-oxygen concentrations in Lake Granbury during the August 1981

water-quality survey showed a typical pattern of summer stratification. At
depths greater than about 40 feet, most of the dissolved oxygen was depleted,
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whereas dissolved-oxygen concentrations near the surface of the reservoir were
near or above saturation. At site Ac, near the dam, dissolved-oxygen concen-
trations ranged from 7.0 mg/L near the surface to 0.1 mg/L near the bottom.
Data collected during the October water-quality survey showed that the dis-
solved oxygen from surface to bottom was much more uniform than during the
August survey, and only slight longitudinal variations were noted throughout
the reservoir. In October, dissolved-oxygen concentrations at site Ac ranged
from 7.1 mg/L near the surface to 7.3 mg/L near the bottom.

The volume-weighted-average concentrations of dissolved solids, chloride,
sul fate, and hardness in Lake Granbury decreased significantly between the
August and October water-quality surveys. The volume-weighted-average concen-
tration of dissolved solills decreased by 51 percent, from 1,520 mg/L in August
to 750 mg/L in October. The volume-weighted-average concentrations of dis-
solved chloride, sulfate, and hardness decreased from 600 to 280 mg/L, from
310 to 140 mg/L, and from 450 to 250 mg/L, respectively.

Temperature data collected during the Augus. 1981 water-quality survey
of Lake Whitney showed a well defined pattern of chermal stratification
throughout most of the reservoir. The temperature at site Ag near the dam
ranged from 29.5°C near the surface to 20.5°C near the bottom. The sharpest
declines in temperature occurred at depths below 30 feet.

Temperature data collected during the October water-quality survey showed
that water temperatures in the reservoir were less than those water tempera-
tures during in the August survey and that the reservoir had become well mixed
from top to bottom. The water temperature at site A; near the dam was 19.0°C
throughout its depths.

Dissolved oxygen concentrations in Lake Whitney at the time of the August
water-quality survey showed a stratification pattern typical of the summer
season. At site Ac near the dam, the dissolved-oxygen concentrations ranged
from 7.7 mg/L near the surface to 0.6 mg/L near the bottom.

Data collected during the October 1981 water-quality survey show the
dissolved-oxygen concentration to be almost uniform from surface to bottom,
and only slight longitudinal variations in dissolved-oxygen concentrations
were noted. At site Ag, the dissolved-oxygen concentration ranged from 7.1
mg/L near the surface to 6.8 mg/L between 60 and 100 feet below the surface
and 7.1 mg/L near the bottom.

The volume-weighted-average concentrations of dissolved solids, chloride,
sul fate, and hardness in Lake Whitney showed only a slight decrease between
the August and October water-quality surveys. The volume-weighted-average
concentration of dissolved solids decreased by 15 percent, from 1,090 mg/L
in August to 927 mg/L in October. The volume-weighted-average concentrations
of dissolved chloride, sul fate, and hardness decreased from 424 to 355 mg/L,
212 to 179 mg/L, and 342 to 295 mg/L, respectively.
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